The existing methods to characterise voltage sags use the lowest of the three voltages and the longest duration. Basic quantitative | qualitative voltage sag attributes have been obtained from recorded waveforms in order to increase the number of measures to characterise a voltage sag. Also a method to compare voltage sags have been proposed and applied in sags recorded in a 25 kV substation.
Introduction
The existence of incidences registers (utility data bases) with information related with the causes, location and protective relay trips that can be associated with waveform registers have motivated this work. The goal is to characterise voltage sags in order to establish a similarity criteria among them. This is the first step to build a diagnostic system based on the reuse of past experiences (diagnosed sags) according to the Case Based Reasoning (CBR) methodology. Application of CBR to diagnosis is commonly known as Case Based Diagnosis.
Case Based Reasoning (CBR) is a problem solving methodology based on the reuse of previous experiences. It is based on Schank's dynamic memory models [8] and the basic idea is focused on the hypothesis that "similar problems have similar solutions" [9] . CBR methodology proposes a four-step cycle (Retrieve, Reuse, Revise and Retain) also known as the 4R-cycle ( Figure 1 ). It basically consists in Retaining experiences as cases for a further Reuse (submitted to a Revision procedure). Cases are registers containing a description of a problem, "sag symptoms", and its solution, "sag diagnostic". The aim is to reuse these cases for solving new problems by analogy. In presence of a new problem, the basic procedure consists of Retrieving analogue cases (sags), according to their description (attributes defining symptoms), and reusing their solutions (diagnostic). A wider introduction and foundation of CBR can be consulted in [10] and [11] .
In this work main emphasis is put in defining similarity criteria to implement the Retrieval task based on significant features extracted from sags waveforms. Reuse is reduced to a simple copy of the retrieved diagnostic. [5] ) is based on the minimum rms value obtained during the event and its duration is the time interval between the instant when rms voltage crosses the voltage sag threshold (usually 90% of normal voltage) and the instant when it returns to normal level (a three-phase unbalanced voltage sag is shown in Figure 2 ).There are obvious limitations to use this definition to compare (distinguish or/and identify similar ones) sags, e.g. it neglects the phase-angle jump [2] [6] and the post-fault voltage evolution [7] . Two complementary methods are compared in the paper with this aim. The first one is based on using temporal attributes obtained from the instantaneous rms value (computed in a one-cycle time-window) of each phase. The second method uses a Dynamic Time Warping (DTW) algorithm in order to measure the distance between the characteristic voltage of sags. Both methods are applied in a pruned case based that only contains typological equal sags (See section 2.C). This paper is organised as follows. Sag attributes are presented in section 2. In section 3, two methods to measure similarity between sags in order to retrieve the most similar ones from a case-base are proposed. In section 4, a numerical example is presented by using voltage sags recorded in a 25kV substation during a period of 10 months. Finally, conclusions and futures work are summarised in section 5.
Significant voltage sag attributes
Voltage sags have been characterized in this work by using temporal and phasorial attributes. Temporal attributes are obtained from measurements of the duration and magnitude whereas phasorial attributes are represented qualitatively according to the method presented in [2] . The main idea is to have enough attributes in order to compare voltage sags for an efficient retrieve based on similarities. Sag attributes have been divided in three-phase and single-phase attributes and voltage sag characterization based on symmetrical components [13] .
A. Three-phase temporal attributes
Three-phase temporal attributes depicted in figure 3 , are: 1) Three-phase sag magnitude: Defined as the maximum drop of voltage of three-phase power system during the sag.
2) Three-phase sag duration: Defined, as the maximum time during the rms voltage in a threephase power system, is lower to 0.9 p.u. 
C. Voltage sag characterisation based on symmetrical components
A technique proposed in [2] to characterise sags, has been applied, which enables a characterization through one complex voltage, without significant loss of information. The method is based on the decomposition of the voltage phasors in symmetrical components [13] . The voltage sag type is found from the angle between positive-sequence voltage 1 V r and negative-sequence voltage 2 V r . The classification method is described in more detail in [2] and summarised in the next subsection. The proposal is to use characteristic complex voltage and PN-factor to characterise three-phase unbalanced voltage sags. The proposed method for classification and characterisation consists of a number of steps. It is assumed that time-domain sampled data is available for the three phases including at least two cycles preevent voltages [2] .
• Determine voltage phasors for the three phase voltages by using a DFT/FFT (Discrete Fourier Transform) algorithm. The voltage frequency is used to obtain the phase shift between the during-event and the pre-event voltages. 
D Attributes summary used in voltage sag characterisation

1)
Temporal attributes: as voltage sag duration, it helps to locate and establish the classes and voltages sags relationships, in transport and distribution systems. This was concluded using the knowledge provided by the electric facility's engineers, then the fault location scheme in figure 6 was proposed. The times showed in figure 6 include the protective system delay and the breaker interrupting time (3-5 cycles), therefore this time is used as reference to the voltage sag duration.
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Cleared by line/bus protection system t<140 ms 140<t<600ms faults, type C and D due to single-phase and phase-to-phase faults.
3) The characteristic voltage is comparable to the rms voltage for single-phase measurements and should be used to compare global shape of sags. 4) According to [2] , it is found that PN-factor is very close to unit in transmission systems and less than unit in distribution systems, due to the effect of induction motor load. However, even in distribution systems, the PN-factor is rarely less than 90%, in absolute value.
Proposed method to measure voltage sags similarities
The main idea in this section is to compare sags in order to retrieve the most similar voltage sags from a case-base. A metric to define similarities between sags S A and S B , DIST(S A ,S B ) ; is proposed in two steps. First determine the voltage sag type using symmetrical components. For the second step two methods have been proposed: one measuring distance between temporal attributes by using Manhattan distance and the second measuring distance between characteristic voltages by using Dynamic Time Warping. Proposed method is described as follows:
A. Determine the voltage sag type
Determine the voltage sag type using the classification algorithm based on symmetrical components proposed in section 2.
The objective is to reduce the search area in the voltage sag case-base. It is not necessary to compare a new sag with a voltage sag classified as different type. Useful information for the diagnosis, as origin of the fault (type A due to three-phase faults, type C and D due to single-phase and phase-to-phase faults).
B. Temporal attributes distance method.
Once selected the voltage sags with the same type, comparison continues with temporal attributes. A metric have been proposed to compare similarities between two sags S A and S B as is depicted in figure 7 . A sag S, is defined by the vector of n attributes (X i , with i=1..n). Thus, the distance between two sags (S A and S B ) can be computed as a weighted addition of local distances (equation (5)) between normalised attributes. Voltage sag magnitude and voltage sag duration have been normalised according to the categories and typical characteristics of power system electromagnetic phenomena [14] , where voltages sag (included in short duration variations category) is defined with a typical duration of (0.5-30 cycles) and typical voltage magnitude of (0.1-0.9 p.u.). Silverman, 1990) to align time series with a given template so that the total distance measure is minimised ( Figure. 8 ). DTW has been widely used in word recognition to compensate the temporal distortions related to different speeds of speech. Next, a brief notion of DTW is described.
Sag A D I S T A N C E C R I T E R I A SagB
Given two sags S A , S B described by its characteristic voltage
, of length m and n respectively, the aim objective is to measure distance between them, DIST(S A ,S B ) = DTW(
To align the two sequences, DTW will find a sequence S of k points on a m-by-n matrix that minimise the distance between the two sequences.
The path is extracted by evaluating the cumulative distance D(i,j) as the sum of the local distance d(x i ,y j ) in the current cell and the minimum of the cumulative distances in the previous cells. This can be expressed as:
This method is described in more detail in literature [15] .
Figure. In figure 8a ) The Euclidean distance produce a pessimistic result of similarity since the signals are not aligned in time. In figure 8b ) DTW find an alignment that allows a correct measure of similarity, lines between shapes show the point compared in each waveform.
Application in a 25kV -Electrical substation
Spanish Electrical Facility (Endesa Distribution SL) has provided voltage sags in a 25kV distribution substation. 50 voltage sags were recorded and chosen to apply this method. They were separated in two subgroups according to the location of the fault (transmission/ distribution). Additional description related with the origin is presented. The example shows the comparison between a new sag (SALT 18) and the stored sags in order to retrieve the most similar one. The explained method is being applied. The voltage sag type is Db, then the next step is to take from the case-base all the Db sag type and retrieve the most similar. Table 3 show the results obtained after applying Manhattan distance method to temporal attributes. Table  4 show the results obtained after applying Dynamic Time Warping to characteristic voltage. For both, the first five sags retrieved are very similar to the new sag and also diagnostic is correct. In figure 9a ), 9b) and 9c), the new voltage sag and the most similar sags retrieved by both methods are presented.
In figure 9d ) sag (SALT 13) seems to be very similar, however appears in the end of both retrieved tables. It is because in both methods magnitude is more relevant than voltage duration time. Whit Manhattan methods this kind of situations can be controlled with Wi. Figure 10a ) and 10b), is a contrary case, these sags have different form but almost the same magnitude. Retrieved sags SALT 15 and SALT 17 are the lees similar because they have a considerable magnitude, short duration and different shape.
Conclusions
The increase of measures of voltage sags abstracted from the waveshape allows to compare sags in order to diagnostic the origin of the fault. Two methods have been proposed to define similarities between sags, taking into account both quantitative and qualitative attributes.
Future Work
The proposed methods most be tested with more dates. In the first method, Wi can be configured with values that allow to improve the retrieve criteria. PN-factor can also be considered as attribute to apply Dynamic Time Warping.
